We have developed a new double immunofluorescence technique by which two neuroactive substances in the same tissue section can be labeled with primary antisera raised in the same species. The optic lobes of the locust Schisrocerca gregaria were used as a model system to develop the staining procedure. FMRFamide-immunoreactive neurons were detected by rabbit antisera against FMRFamide and FIXconjugated secondary antibodies. Antibodies against the second peptide, pigment-dispersmg hormone (PDH), also raised in rabbit, were biotinylated and detected via streptavidin-Texas Red. Crossreactivity of the PDH immunoglobulins ' Supported by DFG grant Ho 95014-2.
Introduction
Immunocytochemical techniques are widely used to investigate the distribution of neuroactive substances in the nervous system, and many antisera against neuropeptides and neurotransmitters are now available. Such studies have shown that peptides are often colocalized with classical neurotransmitters and other peptides (7, (9) (10) (11) (12) . To investigate co-localization of neuropeptides, several double labeling techniques have been used. With primary antisera from different species, co-localization is often demonstrated by indirect double immunofluorescence (21) or immunoenzyme techniques (4, 16, 17, 20) . If, however, the primary antisera originate from the same species, crossreactivity between the detection systems must be avoided. Several strategies have been used to overcome this problem. Direct conjugation of primary antisera with different fluorochromes (23) or with different enzymes (3) has the disadvantage of low sensitivity in comparison with indirect detection systems. Alternatively, co-localization can be demonstrated by treating adjacent serial sections with different antisera (13,14). Because this technique requires comparison of adjacent sections, co-localization can be demonstrated reliably only in large structures such as cell bodies, but not in fine neuronal processes. Finally, sequential immunoenzyme and immunogold techniques have been used for colocalization studies (5, 15, 18, (25) (26) (27) . Sections are usually pho-with the FIX-conjugated secondary antiserum was prevented by pre-incubation with rabbit gamma globulins. The two peptide immunoreactivities could be conveniently observed on the same section with the different fluorescent markers. This double labeling technique with modified antibodies is easily performed and highly useful for co-localization studies with antisera raised in the same species. (JHistochem Cyrochem 41:627-630, 1993) KEY WORDS: Immunocytochemistry; Double immunofluorescent staining; Antibody biotinylation; Neuropeptides; FMRFamide immunoreactivity; Pigment-dispersing hormone; Schistocerca gregarzk tographed after the first staining sequence and, after elution of the antiserum, a second staining is performed. Under certain conditions, the elution step can be omitted (24). Sequential techniques have several disadvantages and depend on the success of the elution. Co-localization can be demonstrated on the same section, but usually not at the same time, because in immunoenzyme techniques the mixed colors are often difficult to distinguish from the individual signals, For simultaneous demonstration of two antigens with antisera from the same species, we have developed a simple double i " unofluorescence staining technique after biotinylation of one of the antisera. Parts of this study have been reported in abstract form (28).
Materials and Methods
Antisera. The anti-PDH serum (3B3) was raised in rabbits against conjugates of synthetic Uca pugiLatodCancer magtiter P-PDH and bovine thyroglobulin as described by Dircksen et al. Biotinylation of the PDH Antiserum. To obtain an immunoglobulin fraction of the PDH antiserum, serum proteins were removed by ammonium sulfate precipitation (8). The anti-PDH immunoglobulins were biotinylated as described by Bayer and Wilchek (l), using biotinamidocaproate N-hydroxy succinimide ester (Sigma; Deisendorf, Germany). The biotinylated PDH immunoglobulins were used at a dilution of 1:7500.
-EN, HOMBERG Immunocytochemistry. Immunocytochemistry was performed on adult male and female Schistocercu greguriu obtained from laboratory cultures at the University of Konstanz. After dissection, brains were fixed at room temperature for 4 hr or overnight in 4% paraformaldehyde/7.5% picric acid in phosphate buffer (0.1 M, pH 7.4). Brains were embedded in a gelatinlalbumin mixture and cut at 30 pm with a Vibratome (Technical Products; St Louis, MO). To reduce nonspecific background staining, the sections were incubated at room temperature for 1 hr in 0.1 M Tris HCI-0.3 M NaCl (pH 7.4) containing 2% normal goat serum (NGS) (Gibco Laboratories; Chagrin Falls, OH) and 0.5% Triton X-100. The sections were next incubated with anti-FMRFamide serum for 18 hr at room temperature. The secondary antiserum, FITC-conjugated goat anti-rabbit IgG (Jackson Im-munoResearch Laboratories; Avondale, PA) was applied at 1:80 for 1 hr. To inhibit binding of the primary antiserum of the second staining cycle to the goat anti-rabbit IgGs that were applied in the first sequence, the sections were incubated with rabbit IgG (Jackson ImmunoResearch) at 1:25 for 2 hr. Subsequently, the sections were treated with biotinylated anti-PDH immunoglobulins for 18 hr at room temperature and, finally, with streptavidin-Texas Red (Amersham Buchler; Braunschweig, Germany) at 1:lOO for 2 hr. The sections were mounted in Elvanol (22) under glass coverslips and examined with a Zeiss Axiophot microscope equipped for epifluorescence illumination.
Specificity Controls. The specificity of the PDH antiserum has been demonstrated by Homberg et al. (14) on brain sections of S. gregurh. The anti-FMRFamide serum has been well characterized in radioimmunoassay (19) . Pre-incubation of the diluted FMRFamide antiserum with 120 pM synthetic FMRFamide (Bachem; Bubendorf, Switzerland) abolished all immunoreactive staining on brain sections of S. gregurh. Crossreactivity of the FMRFamide antiserum and the anti-PDH immunoglobulin was tested by pre-incubation of the FMRFamide antiserum with 50 pM synthetic PDH and the anti-PDH IgG with 120 pM FMRFamide. Under these conditions, no reduction of staining intensity was observed.
Results
In the second optic chiasm in the brain of the locust Schzstocerca gregaria, many neurons are immunoreactive with antisera against neuropeptides, including crustacean cardioactive peptide, FMRFamide, substance P, gastrinkholecystokinin, and PDH (1428). All of these neurons arborize in the accessory medulla and project fibers to the midbrain. The immunofluorescent double staining technique was developed to investigate possible co-localization of these peptides within the same neurons. For a comparison of FMRFamide and PDH immunoreactivities, brain sections were first treated with the FMRFamide antiserum. Immunoreactive staining was visualized by FIX-conjugated goat anti-rabbit, followed by saturation of free binding sites with rabbit IgG. In the second step, the sections were treated with biotinylated anti-PDH IgG followed by streptavidin-Texas Red. These experiments showed that four neurons of the accessory medulla exhibit both FMRFamide and PDH immunoreactivities, 11 neurons exhibit only PDH immunoreactivity and nine show only FMRFamide immunoreactivity (Figure 1) . Many cells with fibers projecting into the medulla were immunoreactive only for FMRFamide (Figure 1) .
When free binding sites of the FITC-conjugated goat anti-rabbit were not saturated with rabbit IgG, all green fluorescent FMRFamide-immunoreactive neurons also showed Texas Red fluorescence due to crossreactivity. When the sequence of primary antisera was reversed, i.e., by incubating with biotinylated anti-PDH IgG first and with anti-FMRFamide serum in the second step, all PDHimmunoreactive neurons also showed FITC fluorescence.
Discussion
In the present study we have developed a technique which demonstrates co-localization of one antigen with various other substances by use of primary antisera raised in the same species. The method can be used to compare staining patterns of two antisera, labeled indirectly with different fluorochromes, in the same section. A prerequisite for this new technique is the biotinylation of one antiserum, in this case anti-PDH IgG. The sequence of primary antisera is crucial for the specificity of the immunostaining, and a sequence reversal will invariably lead to crossreactivity. If saturation with rabbit IgG is omitted between the two staining sequences, free binding sites of the goat anti-rabbit IgG will react with the anti-PDH serum of the second cycle, resulting in a Texas Red fluorescent staining of all PDH-and FMRFamide-immunoreactive cells. The potential problem of reversible binding of the FIX-secondary antibody with the biotinylated anti-PDH was never observed in our experiments.
Co-localization experiments that involve staining of adjacent serial sections (14) allow identification of different antigens in the same cell, but co-localization in fine processes usually cannot be detected with this technique. In sequential double staining techniques (5,15,18,25,27) , all antibodies of the first staining sequence are usually eluted before the second staining sequence is performed. With these techniques, antigens in adjacent cells can be easily distinguished, but the demonstration of co-localization is more difficult owing to problems with color mixtures in immunoenzyme techniques.
A simultaneous double immunoenzymatic staining technique based on a scheme similar to the procedure reported here has recently been described by Behringer et al. (2) , but, like the sequential techniques, it suffers from problems of color masking. The immunofluorescence technique appears to be better suited for the study of co-localization because each color can be viewed independently. The procedure described here allows examination of two antigens simultaneously in the same tissue section, using primary antisera raised in the same species.
